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PIN VALVE ASSEMBLY 
CROSS REFERENCE TO RELATED APPLICATIONS 

5 

This application claims benefit of U.S. Provisional Application No. 
60/545,829, filed February 19, 2004, (Attorney Docket No 04-355-6-7 (16948) the 
content of which is incorporated herein by reference. 
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TECHNICAL FIELD 

1 5 The present invention relates generally to high pressure liquid chromatography 

("HPLC"), and more particularly to a valve assembly for high pressure fluids that uses 
pins to block flow pathways in a fluid network. 

BACKGROUND OF THE INVENTION 
20 The practice of HPLC generally requires that a molecular species to be 

separated or analyzed be dissolved in a liquid, the mobile phase, and conveyed by that 
liquid through a stationary phase. In the stationary phase, a large surface area is 
presented which is in intimate contact with the mobile phase. Mixtures of analyte 
compounds, dissolved in the mobile phase, can be separated during passage through 
25 the column by processes of adsorption or retention, which act differently on the 

various analyte species. The differential retention causes the analytes to elute from the 
column with respect to time and volume. The eluting analytes will typically transit 
through an in-line detector, where quantitative and/or qualitative examination of 
analytes will occur. 
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High pressure liquid chromatography solvent delivery systems are used to 
source either single-component liquids or mixtures of liquids at selected pressures 
which can range from substantially atmospheric pressure to pressures on the order of 
ten thousand pounds per square inch and more. The above pressures are required to 
5 force the mobile phase through the fluid passageways of a stationary phase support, 
where separation of dissolved analytes can occur. The stationary phase support may 
comprise a packed bed of particles, a membrane or collection of membranes, a 
microfabricated structure typically comprising an array of fluid passageways etched 
into a solid support, or an open column or tube. 
10 The separation process occurring in liquid chromatography can result in the 

separation of an injected sample mixture into its component parts. These component 
parts are eluted from the column in reasonably distinct zones or bands. As these bands 
pass through a detector, their presence can be monitored and a detector output can be 
produced. This output includes a pattern of analyte concentration within the eluting 
1 5 bands, which can be represented by means of a time varying electric signal, and gives 
rise to the nomenclature of a "chromatography peak." 

The utility of chromatography relies heavily on run-to-run reproducibility, 
such that a given analysis can be compared with an analysis of standards or calibrates s 
with confidence in the resulting data. Known pumping systems exhibit some non- 
20 ideal characteristics which result in diminished separation performance and 
diminished run-to-run reproducibility. 

Among the non-ideal pump characteristics exhibited in known pumping 
systems are, generally, fluctuations in solvent composition and/or fluctuations in 
volumetric flow rate. Such volumetric flow rate fluctuations in present and known 
25 HPLC pumping systems disadvantageous^ cause varying retention times for a given 
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composition as well as flow rate be precisely and accurately controlled during 
delivery. However, system operating pressures may be changing very substantially 
during the separation and the compressibility of the constituent mobile phase solvents 
may be quite different. Additionally, continuous-delivery pumping systems create 
5 tremendous wear on the pumping and valve systems. 

The large problems associated with the control of high pressure fluids with 
high precision and minimal fluid disturbance can be minimized by the use of robust, 
valve assemblies. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 FIG. 1 is a partially exploded view of one embodiment of the present invention. 

FIG. 2 is a cross sectional view of one embodiment of the present invention. 

FIG. 3 is a perspective view of one embodiment of the present invention. 

FIG. 4 is a detailed cross sectional view of a fitting port, channel and pin valve seat 

of one embodiment of the present invention. 
15 FIG. 5 is a schematic representation of one embodiment of the present invention. 

FIG. 6 is a plan view of one embodiment of the present invention. 

FIG. 7 is an exploded view of one embodiment of a pin valve of the present invention. 

FIG. 8 is a detailed exploded view of another embodiment of a pin valve of the 

present invention. 

20 FIG. 9 is a plan view of one embodiment of a fluid plate of the present invention. 
FIG. 10 is a detailed cross sectional view of a pin valve and fluid channel. 

SUMMARY OF THE INVENTION 
The invention involves a pin valve assembly comprising a pin block housing 
25 pin valves, a fluid plate with a fluid channel for fluidically communicating with the 
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pin valves, and a fitting block housing fittings for fluidic communication with the 
fluid plate and for fluidic communication with fluidic components. The assembly has 
one or more fitting ports, aligned with the fittings, and one or more pin valve seats, 
aligned with the pin valves. The fitting ports can be integrated into the fluid channel 

5 of the fluid plate or integrated into the fittings of the fitting block. Similarly, the pin 
valve seats can be integrated into the fluid channel of the fluid plate or integrated into 
the pin valves themselves. 

The pin block is preferably a substantially cylindrical stainless steel block 
with six bores longitudinally through. The bores may be parallel or at an angle to 

1 0 each other. Whatever the angle in relation to each other, the bores must place the 
distal pin end of a pin. valve into alignment with the fluid plate thereby placing a pin 
valve seat in intersection with the fluid channel. If the pin valve seat is integrated into 
the pin valve, the placement of the pin valve must provide for the seat to intersect the 
channel. If the pin valve seat is integrated into the fluid channel of the fluid plate, the 

15 pin valve must sit within the pin valve seat when extended. 

The six bores of the pin block provide for six pin valves to be placed in 
proximity to and communication with the fluid plate. The fluid plate is preferably a 
stainless steel, substantially cylindrical plate being much shorter than the pin block in 
the longitudinal or height direction. The fluid plate can be coated with a polymer. 

20 Alternatively, the fluid plate can have a substantially flat polymer shim on its 
proximal and/or distal surfaces. The polymer can be, but is not limited to, 
fluorocarbon or more preferably tetrafluoroethylene. 

The plate is also preferably smaller in diameter than the pin block and formed 
to partially fit within a depression on the distal end of the pin block. The fluid plate 

25 can have a fluid channel that provides for a fluid sample to flow under pressure 
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throughout its extent. Alternatively, the fluid plate can have one or more separate 
channels with channel ends. 

In one embodiment, pin valve seats intersect the fluid channel on its proximal 
side such that, when a pin valve is sitting in its seat, the fluid is substantially 
5 prevented from flowing beyond that particular pin valve, hence the valve is closed. 
The distal side of the fluid plate is intersected with fitting ports that communicate to 
fluidic fittings and to the channels of the fluid plate. However, in another 
embodiment, the pin valve seats and fitting ports can be on the same side of the fluid 
plate. 

1 0 The fitting block houses fluidic fittings in positions that provide fluidic 

communication with the fluid plate. The fittings are commonly for a sample syringe, 
a pump syringe, a pump, a chromatographic column and both ends of a sample loop. 
It is preferable that the proximal end of the fitting block be substantially cylindrical 
and have a depression to partially fit the fluid plate. It is also preferable that the 

1 5 fitting block be fitted to the pin block while holding the fluid plate in place there 
between. Screws, complimentary threading or other known means may hold the pin 
block and fitting block together. 

In typical operation of the present invention, pin valves are actuated to sit on 
or lift from the pin valve seats blocking or allowing a fluid sample to flow through the 

20 channels of the fluid plate. Each pin valve can be housed in a standardized housing 
comprising a means for actuation for axially moving the pin valve to sit on the pin 
valve seat and substantially block fluid flow from a down stream location or remove 
the pin from the pin valve seat and provide for fluid flow to the down stream location. 
Alternatively, the pin valve seat can be integrated into the pin valve and move and 

25 perform similarly. Actuation of the pin valve places the pin valve and pin valve seat 
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on the fluid channel of the fluid plate, to substantially block the flow of fluid through 
the channel. 

When used as an injection valve for an HPLC system, the invention has a load 
position where the sample is introduced through a sample syringe in communication 

5 with a fitting port on the fluid plate. Two pin valves close the fluid channel between 
the pump and the column and a third closes the channel between the pump syringe 
and the sample syringe. Therefore, the pump syringe is able to generate negative 
pressure in the fluid channel across the sample loop to the sample allowing for the 
sample to be drawn into the sample loop. In the inject position, two pin valves are 

1 0 actuated to close the channels between the sample syringe and the pump syringe and a 
third pin valve closes the channel between the pump and column. This inject position 
allows the pump to inject the sample contained in the sample loop into a column in 
communication with fluid plate by a fitting port by pressure exerted from a pump also 
in communication with a fitting port. 

15 

DETAILED DESCRIPTION OF THE INVENTION 
FIG. 1 shows an exploded view of the pin valve assembly 50 of the present 
invention. The pin valve assembly 50 comprises a pin block 60, which is shown with 
the valve pins 62 inserted into the block 60 at its proximal end. Preferably, the pin 

20 block 60 is substantially cylindrical as shown. As best seen in FIG. 2, the pin block 
60 comprises one or more bores 200 or passages provided for housing the pin valves 
62. FIG.3 shows the preferred embodiment where the entrance to each bore is aligned 
along the circumference of the pin block 60, although this is not critical to the 
invention. The bores 200 extend longitudinally through the pin block 60 allowing the 

25 distal ends of the valve pins 62 to impinge on the fluid plate 64, which preferably has 
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a smaller circumference than the pin block 60 generally. The valve pins 62 can be 
placed in a housing that conforms to the bores such that the fluid plate 64 is held 
substantially in place. In a modular embodiment, the valve pin housing and bore are 
releasably fitted such that a valve pin in its housing may be easily removed and 

5 replaced with another valve pin. 

The pin block 60 has a recessed portion 66 at its distal end that conforms to 
the shape and size of the fluid plate 64. The pin block 60 also has a complimentary 
means for attaching to the fitting block 68. Preferably, the pin block 60 and fluid 
block 68 are screwed together and in the embodiment of FIG. 1, there are three screw 

1 0 holes one of which is partially in view 70 in FIG 2. Additionally, an alignment pin 
71 and holes 72, 73 are utilized to angularly align the fluid plate 64, pin block 60 and 
fitting block 68. Centering is done by the close fit of the fluid plate 64 in the recess 
66 of the pin block 60. 

The fluid plate 64 is a substantially planar plate on which is disposed a fluid 

1 5 channel 5 1 0 (partially shown in FIG. 4 and shown schematically in FIGS. 5 & 9). 
The fluid channel can be a single circumferential channel or a plurality of channels. 
The channel 510 is intersected with pin valve seats 500 adapted to provide a seat for 
the valve pins 62 to block the fluid flowing through the channel 510. These channels 
510 can be disposed to provide an interconnected track intersected by fluidic fitting 

20 ports 21 1 that communicate to external fluidic components such as pumps and 

chromatographic separation columns. Preferably, the proximal side of the fluid plate 
64 has pin valve seats 500 while the distal side has the fluidic channels 510. 

Alternatively, the fluid plate can have one or more separate channels. These 
channels are also intersected by fluidic fitting ports and pin valve seats. In this 

25 embodiment the structure of the pin valve seat 500 provides for fluidic 
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communication between the separate channels. As discussed further, FIG. 10 
demonstrates one embodiment of the pin valve seat having passages that 
communicate with separate channels. 

The fitting block 68 comprises fitting bores 74 that house and align fluidic 
5 fittings 210 with the fluid plate 64. The fitting bores 74 are provided to conform to 
the fluidic fittings 210 and hold the fittings substantially in place such that the fittings 
can fluidically communicate with the fluid plate 64. The fluidic fittings 210 
preferably communicate with fluidic components (not shown) such as a sample 
syringe, and pump syringe, both sides of a sample loop, a pump and a packed column. 

10 The sample loop can alternatively be incorporated directly into the fluid plate 64, as 
are the channels 510. 

The pin block and fitting block are preferably stainless steel. The fluid plate 
is preferably stainless steel coated with a fluorocarbon polymer such as Teflon or 
faced with a fluorocarbon polymer shim. However, any material that can withstand 

15 the use over a reasonable period of time may be used. Other possibilities include 

titanium, ceramics, poly ether ether ketone (PEEK), polyphenylene sulfide (PPS), and 
other thermoplastics. 

FIG. 2 is a cross-sectional view of the assembled pin block 60, fluid plate 64, 
and fitting block 68. The fluidic fittings 210 are shown in communication with the 
20 fluid plate 64 through a fluidic fitting port 211. One embodiment of this is shown in 
detail in FIG. 4. The pin bore 200 in cross section shows the valve pin from distal to 
proximal end comprising seals 212, a seal load sleeve 214, a Belleville spring 216, a 
nut seal 21 8, a second Belleville spring 220, and a nut 222. 

FIG 5 is a schematic representation of the fluid plate, fluid channel 510, fitting 
25 ports 211, fluidic components, pin valves (1 -6) and pin valve seats 500 for a 

9 
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chromatographic application. The pin valves each sit in a pin valve seat 500 to block 
the flow of fluid through the channel 510 of the fluidic plate 64. When in a load 
stage, pin valves 3, 5, and 1 are open, while pin valves 4, 2, and 6 are closed. This 
allows the sample to be loaded into the sample loop and prevents the sample from 

5 entering the channels that lead to the column or pump. In an inject stage, pin valves 
6, 2, and 4 are open while pin valves 1, 3, and 5 are closed. This allows the sample to 
be injected into the column and processed. 

The. pin valves may be designed as a cartridge to modularize the pin valve 
assembly. The cartridges 600 as shown in FIG. 6 comprise a standardized housing 

1 0 602 preferably of molded polyphenylene sulphide but the material may be of any 
known material that can properly withstand the stresses to which the invention is 
typically exposed. At the proximal end of the cartridge is a pin lift assembly 610 used 
to actuate the pin 604 to either its extended position or its unextended position. The 
extended position prevents fluid flow to a down stream location by extending the pin 

15 604 from the housing 602 to sit in a pin valve seat. The unextended position has the 
pin 604 retracted back from the pin valve seat and preferably into the housing 602 for 
providing fluid flow to a down stream position. The pin pressure, seal pressure and 
pin lift can be controlled by a spring housed in the housing 602 or by known methods. 
Rotation of the lift assembly by known means provides for the spring to compress or 

20 decompress to equilibrium providing the required force to displace the pin 604 to its 
extended or unextended positions. Preferably, the pin 604 can be actuated, or the 
actuation may be assisted, pneumatically by pressurized gas using known methods. 

The cartridge 600 is adapted to fit into the bores of the pin valve assembly. A 
key or other known means may be used to orient the cartridge 600 in the pin block. 

25 This modular design can provide for pin pressure to be adjusted by replacing a pin 
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and housing with another pin and housing of different spring tension. Additionally, 
worn valves may be easily replaced using this embodiment. The modular cartridge 
housing 600 is complimented by the bores of the pin block 60 to be releasably fitted 
by known means. 

5 FIG. 7 provides a detailed exploded view of an embodiment of a single pin 

valve of the present invention. At the distal end of this embodiment is a ring seal of 
polytetrafluoroethylene (PTFE) surrounded by two PEEK ring seals 710. A seal load 
sleeve 712 houses the ring seals at its distal end and has a wider circumference at its 
proximal end upon which sits Belleville spring 714. A load ring 718 integral to a pin 

1 0 720 holds a nut seal 7 1 6 on the Belleville spring 714. The pin has a smaller 

circumference portion 717 at its distal end. The pin 720, up to its load ring 718, 
passes through the seal nut 716, Belleville spring 714, seal load sleeve 712. The 
smaller circumference portion 717 of the pin 720 passes through the ring seals 710 
with its most distal portion capable of impacting the fluid plate at a pin valve seat 500. 

15 On the proximal side of the load ring 718 is a second Belleville spring 722, and a nut 
724 to apply axial compression force. The distal end of the pin 717 can have a 
diamond-like carbon coating. 

FIG. 8 is a detailed exploded view of an embodiment of a pin valve in a 
modular, cartridge configuration. A pin 800 passes through ring seals 810 and a load 

20 sleeve 812 within the cartridge housing 602. In this embodiment, the valve seat 802 
is fitted to the pin valve rather than being fitted on the fluid plate. 

A further embodiment of the fluid plate is shown in FIG 9. With the pin valve 
seat fitted to the pin valve the fluid plate 64 can comprise six separate channels 900. 
The pin valve seat can be placed in an overlapping position over two channel ends. 

25 The pin valve seat 910 as shown in detail in FIG. 1 0 comprises two passages 91 4, 91 6 
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at angles provided to reach the separate channel ends. When withdrawn, the pin 
allows the passages 914 and 916 to communicate. When extended, the pin 
substantially blocks at least one passage. 

Accordingly, it should be readily appreciated that the device and method of 
5 the present invention has many practical applications. Additionally, although the 
preferred embodiments have been illustrated and described, it will be obvious to those 
skilled in the art that various modifications can be made without departing from the 
spirit and scope of this invention. Such modifications are to be considered as 
included in the following claims. 
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